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Abstract Soil Moisture and Ocean Salinity (SMOS) Level 3 (L3) sea surface salinity (SSS) products are 
provided by the Barcelona Expert Centre (BEC). Strong biases were observed on the SMOS SSS products, 
thus the data from the Centre Aval de Traitement des Données SMOS (CATDS) were adjusted for biases 
using a large-scale correction derived from observed differences between the SMOS SSS and World Ocean 
Atlas (WOA) climatology data. However, this large-scale correction method is not suitable for correcting 
the large gradient of salinity biases. Here, we present a method for the correction of SSS regional bias of 
the monthly L3 products. Based on the stable characteristics of the large SSS biases from month to month 
in some regions, corrected SMOS SSS maps can be obtained from the monthly mean values after removing 
the regional biases. The accuracy of the SMOS SSS measurements is greatly improved, especially near 
the coastline, at high latitudes, and in some open ocean regions. The SMOS and ISAS SSS data are also 
compared with Aquarius SSS to verify the corrected SMOS SSS data. The correction method presented here 
only corrects annual mean biases. The measurement accuracy of the SSS may be improved by considering 


the influence of atmospheric and ocean circulation in different seasons and years. 
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1 INTRODUCTION 


Ocean salinity is one of the main variables in the 
monitoring and modelling of ocean circulation 
(Klemas, 2011). Knowing the salinity distribution on 
a global scale and its annual and inter-annual 
variability is crucial to better understand the ocean's 
role in the climate system, which is regulated by the 
ocean circulation and the ocean-atmosphere water 
and heat fluxes (Latif, 2001; Font et al., 2010). One of 
the main goals ofthe Soil Moisture and Ocean Salinity 
(SMOS) mission, launched in November 2009, is to 
produce global maps of sea surface salinity (SSS) 
with an accuracy of 0.1—0.2 (on the Practical Salinity 
Scale, 1978) over a time scale of 1 month and at a 
spatial resolution of about 100 km, using an 
interferometric L-band microwave radiometer (Kerr 
et al., 2001, 2010; Font et al., 2004; Reul et al., 2012). 


However, because of the complex forward modelling, 
including the use of external information on surface 
roughness (Guimbard et al., 2012; Yin et al., 2012; 
Wei et al., 2014), the correction for sun and galaxy 
radiation effects (Reul et al., 2007), and the biases 
associated with the image reconstruction process 
(Gourrion et al., 2012), the salinity products have a 
low signal-to-noise ratio at Level 2 (L2) (Guimbard et 
al, 2012) Obtaining ocean surface salinity 
measurements that have low sensitivity is a very 
challenging task (Font et al., 2010; Kainulainen et al., 
2012). Currently, averaging the data in space and time 
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reduces the observational bias at Level 3 (L3); 
however, it is still far from the required accuracy. 
Further improvements at various data processing 
levels are needed and are currently under investigation 
(Font et al., 2013). 

SMOS suffers from large regional biases in the 
field of view. During the processing of the Barcelona 
Expert Centre (BEC) L3 product, these biases were 
mitigated by applying an ocean target transformation 
(OTT) every two weeks, derived from biases observed 
in the southeastern Pacific Ocean. In addition, the L3 
SSS products from the Centre Aval de Traitement des 
Données SMOS (CATDS) were adjusted for bias 
using a large-scale correction derived from observed 
differences between the SMOS SSS and World Ocean 
Atlas (WOA) monthly SSS. However, this large-scale 
correction method is not suitable for correcting the 
large salinity biase gradient. Moreover, the correction 
method may have a significant disadvantage as it 
reduces much of the large-scale variability over the 
ocean (Zhang et al., 2013). 

In this paper, a correction method based on very 
stable characteristics of large SSS biases in some 
regions is proposed for SMOS SSS products. To 
validate the method, the corrected monthly mean 
values from SMOS-Barcelona Expert Centre (BEC) 
are compared with those from the In Situ Analysis 
System (ISAS). 

In Sections 2 and 3 of the paper, the data and bias 
characteristics of the retrieved SSS on a global scale 
are analyzed and the potential sources for larger 
regional biases observed in the SMOS SSS are 
explained. Methods used for developing and 
validating the correction method are described in 
section 4 and finally a discussions and conclusions are 
presented. 


2 DATA 


This section describes the data sets used in our 
analysis. 


2.1 SMOS SSS data 


The SSS products at 0.25° grid spacing are 
produced by the BEC, available online (www.smos- 
bec.icm.csic.es), a joint initiative of the Spanish 
Research Council (CSIC) and the Technical University 
of Catalonia (UPC), founded primarily by the Spanish 
National Program on Space. We use the weighted 
average level 3 (L3) monthly mean products (version: 
4.3.17) for analyzing the SSS biases and present a 


method to correct them. These products come from 
the L2 Ocean Salinity User Data Product (UDP) and 
Ocean Salinity Data Analysis Product (DAP) (Pinori 
et al., 2008). These UDP files are generated by the 
European Space Agency (ESA) and include 
geophysical parameters, a theoretical estimate of their 
accuracy, and flags and descriptors of the product 
quality. The SSS data are based on the semi-empirical 
roughness ocean forward model (Guimbard et al., 
2012). Because the SMOS SSS data are very noisy at 
the edge of the swaths (Yin et al., 2014), only SSS 
data retrieved from the center of the swath (+360 km) 
were used to generate the Ocean Salinity values. 
Additionally, we discarded the SMOS samples 
flagged as Sun-point, high Sun glint, high galactic 
noise, Llc TB invalid, outliers, contaminated by man- 
made radio frequency interferences (RFI), presence 
of ice, and within 200 km of land. More detailed 
information about the quality flags can be found in the 
L2OS Algorithm Theoretical Baseline Document 
(SMOS Team, 2014) and the SMOS-BEC Ocean and 
Land Products Description (SMOS-BEC Team, 
2014). 

The binned maps of L3 SMOS SSS values are 
constructed by taking the weighted average of the 
filtered L2 SSS values. The weight average of Sea 
Surface Salinity in cell kis given by: 


N 
(SSS), = )'a@SSS, . (1) 
i=l 
where 
l 
2 2 
T 2) 


and g; is the theoretical uncertainty computed for SSS 
at grid point i, R; is the equivalent footprint size 
(diameter of the equivalent circle) centered on grid 
point 7, and N is the number of grid points contained 
in cell k. 


2.2 In-situ SSS 


In this study we used the monthly reanalysis of 
SSS maps generated by the Laboratoire de Physique 
des Océans. The reanalysis data of the salinity fields 
over the global ocean were obtained from ISAS using 
an operational version of the ISAS-tool based on the 
optimal interpolation method (Gaillard et al., 2009). 
The ISAS SSS gridded fields were taken from ARGO 
floats, | Conductivity-Temperature-Depth Sensors 
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from vessels, and moorings of various projects 
(Hernandez et al., 2014). Match-ups between ISAS 
and SMOS SSS were conducted to investigate the 
characteristics of the biases in the latter. 


2.3 Aquarius data 


In this study we use the Aquarius Level 3 monthly 
SSS maps (Version 3.0) based on the Combined 
Active Passive (CAP) algorithm with rain correction 
(CAP_RC). When rain droplets strike the ocean 
surface they create a roughness which increases the 
brightness temperature that Aquarius measures; this 
ultimately reduces the measured SSS. The rain 
correction reduces the surface freshening under rain 
(Tang et al., 2014). The 1?x1? gridded averaged maps 
were provided by the JPL Climate Oceans and Solid 
Earth section. Quality assessment of Aquarius SSS 
revealed that the root mean square (RMS) difference 
between the in situ measurements from the Argo 
floats and moored buoys is less than 0.2 for CAP RC 
between 40°S and 40?N. 


3 CHARACTERISTICS OF BIASES IN 
RETRIEVALS OF SMOS SSS 


An bias analysis of the SMOS L3 products was 
conducted using the monthly data aggregated at 0.25?. 
To analyze the bias characteristics of SMOS SSS ona 
global scale, we compared the monthly mean values 
of SMOS SSS with those from ISAS SSS from 
January 2010 to December 2012. The global monthly 
SSS biases for the 36-month period were calculated 
by subtracting the ISAS SSS from the SMOS SSS 
data. From these bias maps (not shown), we found 
very stable characteristics for the larger SSS biases 
(70.15) in some regions. The annual biases were 
calculated by selecting the median of the 12-month 
biases. Figure 1 (a-c) shows the annual SSS bias 
maps of 2010 to 2012. SMOS retrievals with fresher 
water, where the retrieved SMOS SSS is 1 lower than 
the SSS measured by ISAS, are found along most of 
the world coasts (e.g. western south Atlantic and close 
to the eastern Pacific coasts of Asia). The biases are 
related to the distance from the coastline. The 
relationship between the SSS bias and distance to the 
coastline can be written as: 


ASSS,..44,70.9726-0.0038x-4.6x10 57, (3) 


where x is the distance to the coastline in km. The 
biases in the different regions vary considerably. The 
SMOS SSS is fresher by more than 0.15 in some open 
ocean areas (e.g. the North Indian Ocean, the Western 
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South Equatorial Pacific Ocean). In other open ocean 
areas, however, the SSS is saltier by more than 1 (e.g. 
the Eastern South Pacific Ocean, the southern 
hemisphere high latitudes and the Eastern Equatorial 
Pacific Ocean). 

The biases have a very high correlation: a 
correlation coefficient of 0.889 between the 2010 and 
2011 data, and a correlation coefficient of 0.864 
between the 2011 and 2012 data. Some 2010 SMOS 
data from the high latitudes of the North Atlantic 
Ocean and 2012 SMOS data along the Madagascar 
coastline were flagged as bad values. Thus, we 
selected the SMOS annual biases of 2011 to correct 
the monthly mean 24-month SSS maps in 2010 and 
2012. 

The so-called “land-induced” contamination and 
RFI are seen as two important factors (Boutin et al., 
2012) resulting in systematic biases in SSS data 
(generally increasing the salinity). However, it is 
difficult to explain the larger differences found in our 
data in some regions. The land contamination intensity 
varies in different regions along the world coasts 
(Banks et al., 2012). For example, the contamination 
along the western Central American coastline is 
smaller than along other coastlines. In addition, low- 
level RFI sources in radiometric signals are difficult 
to detect and are often derived by statistical methods 
(Ruf et al., 2006; De Roo and Misra, 2008). Although 
some low level interference can be attributed to RFI, 
this cannot account for all the signal contamination in 
the data. 

Part of the large biases of SMOS SSS may arise 
from the difference between the actual wind retrieval 
from the radiometer measurements and the wind data 
from the Centre for Medium-Range Weather Forecasts 
(ECMWF). The latter is used to initialize the retrieval 
process of wind speed and SSS obtained by the SMOS 
mission in the ESA SMOS Level 2 Ocean Salinity 
(L2OS) processor v5.50. The fact that the satellites 
measure the surface wind stress has two important 
implications when interpreting the comparisons 
between the ECMWF model winds and satellite 
observations (Chelton and Freilich, 2005). First, the 
satellite wind data uses the equivalent neutral-stability 
wind at a height of 10 m above the sea surface, while 
ECMWF analyses are intended to be estimates of the 
actual winds at 10 m. Assuming that the atmospheric 
boundary layer is nearly neutrally stable over most of 
the world ocean, collocated satellite winds and 
ECMWF analyses winds at 10 m should be directly 
comparable (Chelton and Freilich, 2005). However, 
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Fig.1 Annual global SSS bias maps obtained by comparing SMOS SSS and ISAS SSS 


The median SSS biases are chosen from the annual monthly bias values. a. 2010 bias map; b. 2011 bias map; c. 2012 bias map. 
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at locations of significant deviation from neutral 
stability, the two will differ. Thus, the saltier data seen 
at the eastern Equatorial Pacific Ocean may be due to 
an unstable atmospheric boundary layer. The second 
consideration is that satellite winds are measured 
relative to the moving ocean surface, whereas the 
ECMWF winds are not. Because wind speeds 
retrieved from satellites are relative to ocean currents 
but ECMWF winds from global analyses are measured 
relative to the solid earth, the wind speed difference 


Monthly mean Monthly mean 
SSS, o, in 2011 SSS sas in 2011 
Annual biases: 
ASSS, 4,5 median(SSS, uos SSS;sas) 
True False 
ASSS,.-ASSS. iin ASSS,,.-0 
ASSS... 


Monthly mean SSS pe after correction in 2010 and 2012: 
SSS (SSS ASSS. ) 


after SMOS ' cor 


Fig.2 Simplified flowchart of the SSS correction method 


SSSsmos is SMOS SSS, SSS, is ISAS SSS, ASSScor is the global SSS 
biases, SSS,.. is the monthly mean SMOS SSS after correction in 2010 
and 2012. 


90°N 


60°S 
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between the two wind datasets often give rise to 
strong ocean currents and ocean fronts. 

Finally, many other geophysical parameters can 
lead to SMOS SSS biases (Sabia et al., 2010; 
Guimbard et al., 2012; Wei et al., 2014) such as sea 
surface temperature, foam rain, ice-cover, galactic 
radiation, reflection of solar radiation, forward 
models, and reverse methods. This is especially true 
in the region of the Antarctic Circumpolar Current 
(ACC), where the surface currents are fast (producing 
a foam layer by waves breaking over the sea surface) 
and the temperature is very low. 


4 REMOVING THE STABLE REGIONAL 
BIASES IN SSS RETRIEVALS OF SMOS— 
METHOD, RESULTS, AND ANALYSIS 


Based on the stable characteristics of the SSS 
biases, we put forward a method to correct the 
monthly mean SSS through removing the stable 
regional biases. The algorithm for the correction 
process is shown in Fig.2. 

We compare the successive 12-month mean SMOS 
SSS in 2011 of BEC with the ISAS SSS, and calculate 
the monthly SSS biases by subtracting the ISAS SSS 
from the SMOS SSS. Further, the annual biases are 
calculated by choosing the median of the 12-monthly 
biases. Data with a bias less than 0.15 is considered as 
stochastic and replaced by zero. Figure 3 shows the 
global gridded SSS bias of 2011, which is used to 
correct the monthly mean SMOS SSS values of 2010 
and 2012. It shows large biases along the coasts and 
in the high-latitude region. 


90°S 


180°W 120°W 60°W 0? 


60°E 120°E 180°E 


Fig.3 Global gridded SSS biases of 2011 used to correct the monthly mean SMOS SSS in 2010 and 2012 
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The statistical bias analysis is conducted separately 
for each month. To investigate the average impact and 
extent of land contamination on the L3 products, the 
SSS biases were binned as a function of the distance 
to the coastline. In this process, we removed data 
close to offshore islands. The results of the statistical 


analysis are presented in Fig.4. Figure 4a—b shows the 
global SSS RMS statistical results of 24 months in 
2010 and 2012. As the pixels move closer to the 
coastline, the RMS of the SSS retrievals increases 
continuously to ~1.2 before correction and to ~0.81 
after correction, 200—400 km from the coastline. The 
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Fig.4 RMS of SMOS SSS salinity as a function of the distance to the coastline for 24 months from January to December 


2010 and 2012 


The dots represent the monthly median SMOS SSS RMS, the solid line is the fitting curve. a. global SMOS SSS RMS before correction; b. global 
SMOS SSS RMS after correction; c. middle and low latitude SMOS SSS RMS within 40° before correction; d. middle and low latitude SMOS SSS 


RMS within 40° after correction. 


To be continued 
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Fig.4 Continued 
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RMS is higher than 0.68 before the correction, and 
decreases to below 0.61 after the correction within 
1 000 km of the coast. 

SMOS SSS is expected to be more accurate in 
warm water as the sensitivity of the measured 
brightness temperature to salinity increases with SST. 
Results of the statistical analysis are provided in 
Fig.4c-d for the middle and low latitudes within 40°. 
The RMS of the SSS is obviously smaller in the 
middle and low latitudes than in the high latitudes. 


Within 1 000 km of the coast, the RMS is above 0.45 
for the uncorrected SSS values, while further than 
1 000 km from the coast the RMS is below 0.35 after 
correction. In the offshore region 3 000-4 500 km 
from the coast, the RMS also decreases after 
correction. Thus, this method also improves the 
SMOS SSS reversion performance in the open ocean. 
A more detailed analysis of this signal is given at the 
end of this section. 

To analyze the bias along the coastline, the SMOS 
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Fig.5 ASSS bias as a function of the distance to the coastline in middle and low latitudes within 40° in July 2011 
Dots represent the monthly SMOS SSS bias; solid lines are the fitting curve. a. SMOS SSS bias before correction; b. SMOS SSS bias after correction. 


SSS bias statistical results in 2010 and 2012 are 
plotted in Fig.5 for the middle and low latitudes 
within 40°. The amplitude of the uncorrected SSS 
bias increases as the pixels get closer to the coast. The 
median values of the bias reach ~-0.56, 200—400 km 
from the coast. The median bias values decrease to 
within 0.1 after correction, with almost no correlation 
to the distance. After correction, most of the SMOS 
SSS biases are within +0.2. 


For a more precise view of the spatial extent and 
impact of the correction method, the global monthly 
mean SSS biases before and after the correction from 
2010 to 2012 are mapped. As an example, Figs.6a and 
b show the global monthly SSS bias for July 2012 
before and after correction, respectively. In the high 
latitudes of the North Atlantic Ocean zone, some data 
were flagged as bad values; thus, the SMOS SSS 
biases in this zone are not shown in Fig.6b. 
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Fig.6 Global SSS monthly mean bias for July 2011 
a. before correction; b. after correction. 
Table 1 Details of regions for comparison of SSS bias before and after correction 

Region No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 
Full Eastern North Equatorial South Equatorial Western Equatorial Northern Tropical ^ Eastern Equatorial 

Tanang Pacific Ocean Atlantic Ocean Indian Ocean Pacific Ocean Pacific Ocean Pacific Ocean 
Acronym ENPO ESAO EIO WEPO NTPO EEPO 
Latitude 10°N—40°N 0°S-30°S 0°S-30°S 0°S-30°S 5?N-15?N 5?S-I?N 
Longitude 130*E-155?E 45?W-15?W 65?E-90?E 170°W-155°W 180°W-110°W 130?W-90?W 


Figure 6a and b shows that the SMOS SSS 
measurement accuracy improves along most of the 
coastline and at the high-latitude zones. In the open 
ocean (e.g. the South Pacific, Indian, and North 
Atlantic Oceans) the bias distribution is more uniform 
after correction. The saltier area in the Eastern 
Equatorial Pacific Ocean also disappears. However, 


the biases along the coastlines and high latitude zones 
are still bigger than those in the open ocean. 

The global SMOS SSS data before and after the 
correction are analyzed by comparing them with the 
ISAS SSS in the six regions defined in Table 1. The 
regions are: the Eastern North Pacific Ocean (ENPO), 
Equatorial South Atlantic Ocean (ESAO), Equatorial 
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Table 2 Regions where the SMOS SSS biases are collocated 


No. 1 
Zone 
ENPO 
Trimmed mean -0.61 
Uncorrected Median -0.54 
RMS 0.79 
Jul. 2012 
Trimmed mean -0.08 
Corrected Median -0.08 
RMS 0.33 
Trimmed mean -0.6 
Uncorrected Median -0.55 
RMS 0.73 
Aug. 2012 
Trimmed mean -0.09 
Corrected Median -0.1 
RMS 0.36 
Trimmed mean -0.39 
Uncorrected Median -0.33 
RMS 0.6 
Sep. 2012 
Trimmed mean 0.12 
Corrected Median 0.13 
RMS 0.34 
Trimmed mean -0.4 
Uncorrected Median -0.34 
RMS 0.62 
Oct. 2012 
Trimmed mean 0.08 
Corrected Median 0.07 
RMS 0.39 
Trimmed mean -0.52 
Uncorrected Median -0.42 
RMS 0.8 
Nov. 2012 
Trimmed mean -0.05 
Corrected Median -0.05 
RMS 0.5 
Trimmed mean -0.73 
Uncorrected Median -0.61 
RMS 1.02 
Dec. 2012 
Trimmed mean -0.27 
Corrected Median -0.21 
RMS 0.61 


No.2 
ESAO 
-0.23 
-0.17 
0.56 
0.09 
0.09 
0.28 
-0.3 
-0.26 
0.52 
0.02 
0.02 
0.28 
-0.21 
-0.13 
0.53 
0.11 
0.11 
0.29 
-0.1 
-0.03 
0.48 
0.22 
0.22 
0.34 
-0.19 
-0.11 
0.49 
0.13 
0.13 
0.29 
-0.23 
-0.17 
0.55 
0.08 
0.08 
0.3 


No.3 No.4 No. 5 No. 6 
EIO WEPO NTPO EEPO 
-0.06 -0.15 -0.07 0.08 
-0.05 -0.16 -0.07 0.09 
0.23 0.21 0.19 0.21 
-0.01 0 0.01 -0.05 
-0.01 -0.01 0.02 -0.04 
0.2 0.19 0.2 0.19 
-0.12 -0.19 -0.19 0.11 
-0.12 -0.19 -0.19 0.1 
0.27 0.24 0.28 0.23 
-0.07 -0.05 -0.1 -0.02 
-0.06 -0.04 -0.09 -0.01 
0.25 0.18 0.25 0.17 
-0.14 -0.2 -0.07 0.18 
-0.14 -0.2 -0.08 0.17 
0.32 0.26 0.24 0.25 
-0.09 -0.06 0.02 0.04 
-0.1 -0.06 0.03 0.05 
0.28 0.19 0.24 0.17 
-0.02 -0.06 -0.06 0.39 
-0.02 -0.06 -0.05 0.39 
0.3 0.19 0.25 0.44 
0.03 0.08 0.03 0.26 
0.02 0.07 0.04 0.26 
0.28 0.19 0.24 0.31 
-0.03 -0.03 -0.18 0.23 
-0.05 -0.02 -0.18 0.22 
0.26 0.16 0.3 0.3 
0.02 0.12 -0.09 0.1 
0.01 0.12 -0.09 0.09 
0.26 0.21 0.25 0.2 
-0.08 -0.16 -0.25 0.21 
-0.07 -0.16 -0.24 0.21 
0.23 0.25 0.35 0.26 
-0.03 -0.02 -0.16 0.08 
-0.03 -0.01 -0.15 0.08 
0.23 0.21 0.29 0.19 


Indian Ocean (EIO), Western Equatorial Pacific 
Ocean (WEPO), Northern Tropical Pacific Ocean 
(NTPO), and the Eastern Equatorial Pacific Ocean 
(EEPO). The results are shown in Table 2. The ENPO 
and ESAO regions have lower salinity before the 


correction. The median of the uncorrected SMOS 
SSS biases in ENPO is between -0.61 and -0.33, while 
the corrected median of the bias is between -0.21 and 
0.13. The RMS in the two regions is larger than in the 
other four regions. Generally, the two regions have 
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Fig.7 Target region monthly SSS for August 2012 
a. ISAS; b. SMOS SSS before correction; c. SMOS SSS after correction; d. Aquarius SSS 


RMS>0.5 before correction and RMS>0.3 after 
correction. EIO, WEPO, NTPO, and EEPO are open 
ocean regions. EIO, WEPO, and NTPO have smaller 
SSS reversion than ISAS SSS reversion. The corrected 
bias median is within 0.1 in most months. EEPO is a 
typical region that has high salt levels before 
correction; in this region, the corrected bias median 
also decreases to within +0.1 after correction except 
for October. 

In most cases, the corrected SSS RMS is below 
0.25 except in ENPO and ESAO. The correction 
method performs better in July-September than in 
October-December, indicating that the regional 
biases may be affected by the seasons. It may be 
possible to improve the measurement accuracy of 
the SSS by considering the influence of atmospheric 
and ocean circulation in the different seasons and 
years. 


5 DISCUSSION 


The major contribution to the ISAS SSS field was 
from the profiling Argo floats. To date, more than 
3500 active floats have been deployed globally 
(Hernandez et al., 2014). The Argo floats record one 
temperature and salinity profile from 2 000 m to the 
surface (about 3 m) every 10 days. This temporal and 
spatial resolution is too coarse to record short-term 


changes (Lagerloef, 2012; Hernandez et al., 2014). 
Therefore, the monthly ISAS SSS field is not suitable 
to calibrate the satellite SSS in regions where the SSS 
changes rapidly over time. To improve the spatial 
resolution we used the annual median values. 

To evaluate the effectiveness of our correction 
method, we introduce the Aquarius SSS products. 
Although the Aquarius products have a lower spatial 
and temporal resolution than the SMOS ones, they 
provide SSS data with less biases on a regional scale 
(Drucker and Riser, 2014). 

Although the annual SSS differences are not too 
large in the river flow regions between SMOS SSS 
and ISAS SSS (Fig.1c), the difference could be quite 
large in a single month as shown in Fig.7a and b. 
Figure 7a-d shows that the eastward entrainment of 
low-salinity water from the mouth of the Amazon 
River into the North Equatorial Counter Current is 
captured clearly by the SMOS SSS map. In the 
Caribbean, the negative biases in Fig.7b are corrected 
in Fig.7c. 

The SMOS data provide higher spatial and 
temporal SSS resolution than the in situ SSS data. 
After averaging the SSS data and correcting for 
seasonal biases, the SMOS SSS captures the spatial 
scale variability better, partly because of its higher 
space and time sampling (Hernandez et al., 2014). 


No.4 TONG et al.: A method for correcting regional bias in SMOS global SSS 1083 


6 CONCLUSION 


Monthly gridded SSS biases were calculated from 
January 2010 to December 2012, based on SMOS 
SSS values and reanalysis ISAS SSS. The monthly 
gridded SSS biases show very stable large SSS biases 
in some regions. There are obvious biases along 
coastlines, at higher latitudes, and at some locations 
in the open ocean. In addition to land and RFI, other 
factors may be responsible for the biases of the global 
SMOS SSS. These include the differences between 
the actual wind affecting the satellite and the ECMWF 
atmospheric data, sea surface temperature, foam, rain, 
ice-cover, galactic radiation, reflection of solar 
radiation, forward models, and reverse methods. 

In this paper we present a method for correction of 
SMOS SSS regional biases. The annual SMOS SSS 
mean biases are calculated based on monthly mean 
biases from January to December 2011. The gridded 
correction biases were obtained from the annual mean 
biases where the regional biases were bigger than 
0.15. The monthly mean SMOS SSS in 24 months in 
2010 and 2012 was corrected using biases obtained 
from 2011. The correction method effectively reduces 
the RMS of the SMOS SSS data. For the middle and 
low latitudes within 40°, the RMS is higher than 0.45 
within 1 000 km of the coast for the uncorrected SSS 
values, and decreases to below 0.35 after applying our 
correction method. The median values of the biases 
are up to ~-0.56 before correction 200—400 km from 
the coast; after the correction, most of the SMOS SSS 
biases are within +0.2. The SMOS SSS measurement 
accuracy is improved along most of the coastline and 
in the high latitude zones. The corrected SMOS SSS 
data improved in all the six selected regions from July 
to December 2012, especially during July-September. 

To verify the correction method, we introduced the 
Aquarius SSS produces. After averaging the SSS data 
and correcting for seasonal biases, the SMOS SSS 
showed better results than the ISAS SSS and 
uncorrected SMOS SSS data. 

The correction method presented here corrects 
only for annual mean biases. Inter-annual and inter- 
seasonal variations should also be considered in 
future studies. It is possible to further improve the 
measurement accuracy of the SSS by considering the 
influence of atmospheric and ocean circulation in the 
different seasons and years. 
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